In this note I derive the flat space limit of the modified Cardy formula associated with inner horizons and show that it reproduces the correct Galilean conformal field theory counting of flat space cosmology microstates. l also determine the entropy of flat space cosmologies in flat space chiral gravity in this way.
R n and L L n and central charges c R , c L respectively. Defining the following set of generators and taking the limit → ∞, where is the AdS radius
one readily obtains the Galilean conformal algebra [3, 4] [L n , L m ] = (n − m) L n+m + c LL 12
[L n , M m ] = (n − m) M n+m + c LM 12 n 3 − n δ n+m, 0 .
In the holographic context black hole solutions are of special interest because they correspond to thermal states in the dual field theory [10] . Using the holographic correspondence it is possible to microscopically compute the black hole entropy from the asymptotic growth of states of the dual CFT [11] using the Cardy formula [12] . The flat limit of the BTZ black hole also corresponds to a thermal state, whose entropy should then be determined microscopically through some counting of states in the dual Galilean CFT (GCFT). It has been shown [13] that it is indeed possible to take a meaningful flat limit of the BTZ black hole and end up with a spacetime that has a cosmological horizon which is called a flat space cosmology (FSC). The flat limit in this case is taken as follows. Starting with the BTZ black hole
with
where G is Newton's constant, M and J are the mass and the angular momentum of the BTZ black hole. Now taking the limit → ∞ the outer horizon is pushed to infinity
and the inner horizon survives the limit and takes the value
The resulting metric
is an FSC with a cosmological horizon at r 0 . As in the BTZ case one can determine the Hawking temperature T H from surface gravity and the entropy of the cosmological horizon of the FSC, S F SC , via the Bekenstein-Hawking area law. One then observes that the charges (mass M and angular momentum J) associated with the FSC obey a first law of thermodynamics
where Ω F SC is the angular velocity of the FSC horizon. The weird sign in front of the T H dS F SC term is a remainder of the fact that the first law of FSC arises as a limit from the BTZ inner horizon dynamics [14, 15] . This is an indication that the information regarding the entropy of the FSC is encoded in a contraction of the entropy of the inner horizon of a BTZ black hole. This will be crucial for my main goal, when taking the limit of the (inner horizon) Cardy formula. However, before I proceed in doing this I give a short review on how to derive the FSC entropy by using the partition function for the 2d Galilean conformal field theory as in [16] [17] [18] . The basic idea is that the partition function
is invariant under the inherited S-transformation of the GCFT
In addition one can write
where d (h LL , h LM ) is the density of states whose logarithm is proportional to the entropy of the FSC. Thus one wants to determine the density of states using the invariance of (11) under (12) . Requiring
is tantamount to requiring 
One can now perform an inverse Laplace transformation
in order to determine the density of states. In the limit of large charges the density of states (16) can by approximated by the value of the integrand, when the exponential factor is extremal. Using this approximation the density of states is given by
The corresponding entropy is then given by
which counts the microstates of FSCs. Now I proceed with the main goal of this note, namely to show that one can also get the entropy (19) by making an İnönü-Wigner contraction of the (inner horizon) Cardy formula. Since the cosmological horizon of an FSC is obtained as a limit of the inner BTZ horizon it is also natural to consider a modified Cardy formula for the BTZ as a starting point for the contraction. The modified Cardy formula that determines the entropy of the inner horizon of a BTZ black hole is given by [14, 15] :
The left hand side is the Bekenstein-Hawking entropy associated with the inner horizon A int , while the right hand side is the modified Cardy formula for inner horizons. The modification consists of a relative minus sign between the right-(R) and left-(L) moving contributions. The central charges are the usual ones in the right-and left-Virasoro algebras
and h R and h L are related to the mass and angular momentum in the usual way
In order to perform the İnönü-Wigner contraction I make the same identifications as in (1) and in addition define the eigenvalues, h LL , h LM , of L 0 and M 0 when acting on a highest weight state |h LL , h LM as
where is the AdS radius, which is sent to ∞ in the flat space limit. Expressing c R, L and h R, L in terms of GCA quantities and inserting into S inner from (20) yields
Taking the → ∞ limit yields a prediction for the microscopic entropy in a Galilean conformal field theory:
This is the main result and coincides with (19) . I compare now with the results for Einstein gravity. In this case c R = c L and hence c LL = 0. The result (25) then simplifies to
The result (26) (after translating conventions for c-normalization) coincides precisely with the results in [16, 17] .
One can also use the contractions (1) and (23) to determine the microscopic entropy of flat space chiral gravity (FS χ G), a theory that can be obtained as a limit [19] of topologically massive gravity (TMG) [20] :
G is again Newton's constant in 2 + 1 dimensions, R the Ricci scalar, µ the Chern-Simons coupling and
νρ is the gravitational Chern-Simons term. Flat space chiral gravity arises in the limit G → ∞ while keeping fixed µG so that µG = c LL 3 remains finite. This is particularly interesting as the central charges of the dual field theory are of a form that allow for unitary representations of the GCA [21] i.e.
In [18] it has been shown that the entropy formula for FSCs in TMG take exactly the same form as (25) but with
In this limit it is easy to see that
Thus, the entropy for FSCs in flat space chiral gravity is given by
The result (32) coincides precisely with what one would expect of one chiral half of a CFT [22] . This fits very nicely with the suggestion that flat space chiral gravity is indeed the chiral half of a CFT [19, 23] .
It would be interesting to generalize the results of this note to calculate the entropy of FSCs in flat space higher-spin gravity [21, 24, 25] and to the flat limit of exotic BTZ black holes [26] .
